superficial tumors that are accessible to phototherapy.
TdR. An example of DNA from around 100-fold in DNA repair-proficient cells.
MRC5VA cells is shown in Figure 1c. Assays with cell
Nucleotide excision repair-defective xeroderma extracts confirmed that S 4 TdR was a substrate for thymipigmentosum cells were sensitized up to 1000-fold, dine kinase (TK), which is the first step in thymidine implicating bulky DNA photoproducts in the lethal salvage (also see [6] ). It was not a substrate for thymidine effect. The synergistic action of thiothymidine plus phosphorylase, which degrades thymidine and reduces its UVA required thymidine kinase, indicating a availability for incorporation into DNA (data not shown).
selective toxicity toward rapidly proliferating cells. growth curve is shown in Figure 2 . A concentration of S 6 G (1 M) that produces similar levels of DNA substitution XP12RO, the A2780 ovarian carcinoma and its MMRdeficient variant A2780MNU1 [7] , and the MMR-defec- TdR is neither cytotoxic nor highly muta- TdR depends on photoinduced DNA damage. Three nucleotide excision repair-deficient cell lines, XP12RO and GM04429F (both xeroderma pigmentosum complementation group A) and GM08437B (complementation group F), were markedly more sensitive to S TdR. genic. The thiopyrimidine resembles thioguanine in its inability to induce a significant increase in mutation; the
UVA-induced toxicity of other thiobases
Other thiobases, including S 6 G (Figure 1b) , also absorb in thiopurine is also a poor mutagen [8] detriment, we used XP12ROB4, the hMSH2-defective reduced capacity to excise DNA-protein crosslinks. Alternatively, the potentially lethal damage may be photovariant of XP12RO, to investigate the phototoxicity of DNA S . The UVA sensitivity of XP12ROB4 is comparable to the parent XP12RO thymine [4, 16] . The resulting dipyrimidine (6,4) photoproducts resemble the pyrimidine-pyrimidone (6,4) (data not shown). After culture for three days in 3 M S 6 G, significant toxicity was induced by UVA doses of DNA adducts that are produced by UVC and to which XP cells are sensitive [17] . In preliminary experiments, Ͼ0.02 kJ/m 2 ( Figure 3d ), and the D 37 value was reduced from 25 kJ/m 2 to ‫1.0ف‬ kJ/m 2 , a sensitization factor of 250-we observed that S 4 TdR/UVA resistance is restored to almost wild-type levels in the XP129 "revertant" of fold. Thus, in addition to its direct, MMR-related toxicity, DNA S 6 G is also a photosensitizer for UVA. The syner-XP12RO. Although these cells have a complex phenotype, they are acknowledged to have regained UVC resisgistic cytotoxicity of S 6 G plus UVA was also observed in a second MMR-defective cell line, HeLa Clone 7, that tance together with the ability to excise UVC-induced pyrimidine-pyrimidone (6,4) DNA adducts [18] . The does not express the hPMS2 MMR protein [11] (data not shown). S 4 TdR/UVA resistance of XP129 cells is consistent with a significant contribution of (6, 4) UdR enters the de novo pathway by XPC, Cockayne's syndrome, or trichothiodystrophy of pyrimidine deoxynucleoside synthesis at the thymidy- [17] . Whether UVA induces repairable DNA lesions at late synthetase step. Discrimination against the thio-S 6 G bases is unclear, although irradiation of 5Ј thymidylnucleoside at either the phosphorylation or methylation S 6 deoxyinosine produces a purine-pyrimidine (6,6) adstep may limit its effectiveness [12] . S 4 UdR is nevertheduct that is analogous to the (6,4) dipyrimidine prodless still capable of significant cooperative cytotoxicity uct [19] . with UVA.
Cytotoxic mechanism and therapeutic implications
DNA thiobases clearly induce a remarkable degree of cellular sensitization to UVA, a relatively innocuous type In summary, thiobases combine with nonlethal doses of UVA light to produce a truly cooperative cytotoxicity in of radiation. Might it be possible to exploit this property clinically? S G itself is relatively a modest antiviral effect [13] . The extreme sensitivity of xeroderma pigmentosum cells to S 4 TdR/UVA implicates harmless, its MMR-dependent cytotoxicity arises from the very few (about one in 10 5 ) bases that undergo S-methbulky DNA damage in the cytotoxicity. UVA irradiation of DNA thiobases promotes their reaction with nucleophilic ylation [3] . Thus, even in MMR-proficient cells, subtoxic drug concentrations might provide sufficient DNA thiogroups of proteins [14] or neighboring DNA constituents [15] . Thus, the hypersensitivity of XP cells may reflect a purines to interact lethally with nontoxic doses of UVA. G. Cells were harvested and irradiated, and survival was determined as described above.
In the case of DNA S 4 TdR, toxicity is completely depen-
